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1 
My invention relates broadly t0 frequency 
modulation systems and more particularly to an 
improved wide hand frequency modulation sys- 
rem. 
One of the objects oï my invention is to pro- 5 
vide a frequency modulation system having wide 
hand ïrequency modulation with stbilized oper- 
ation. 
Another object oï my invention is to. pro- 
vide a frequency modulation genera tor circuit l0 
including means for compensating the effects of 
diturbing influences which tend fo shift the fre- 
quency of the frequency modulation system un- 
desirably. . 
' Stlll another object of my invention is to pro 
vide an improved method of operation of a fre- 
q.uency modulation generator, whereby, a pair oî 
frequency modulated oscillators are operated into 
a fequ¢ncy modulation system in opposite ïre- 
quency modulating relation so that as one oscil- 
la,or lncreases ifs frequency with an applied 
voltage the second oscillator decreases its fre- 
quency with the saine applied voltage and the 
combined outputs thereof impressed upon a fre- 
quency modulation transmission circuit. 
Still another object of my invention is te Pro- 
vide an improved frequency mod.ulation systëm 
employing a pair of frequency modulated oscilla- 
tors varying in frequéncy in opposite senses with 
means for so. combining the outputs there0ï that 
double hand width frequency shift may be ef- 
fected in transmission while canceling disturbing 
influences which tend te shift the ïrequency 
the frequency modulation system undesirably. 
Still another object of my invention is fo.pro- 
vide a novel association of ïrequency moduiated 
0cllators, mixer circuits and filter .systms for 
effecting wide ïoand frequ.ency modulation as set 
forth more fully in the specification hereinafter 
following by reference to the accompanying 40 
drawing which schematically shows the arrange 
ment of the frequency modulation generator of 
mY invention in  transmission channel. This 
frequency modulation generator possesses sub- 
stantial advantages over the reactance tube mod- 45 
ulator as well às over the phase shift method 
of generating frequency modulation. The rèact- 
ance tube system has the disadvantage of possess- 
ing a low freq.uency stability, whilé the phase 
shift method-has the disadvantage of requiring 50 
a large number of multiplier stages in order to 
arrive ai the necessary frequency shift at the 
output frequency. This sytem has neither of 
the tWO foregoing disadvantages, and in addi- 55 
'tion is a simple and practical circuit. -  
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Referringto the drawing, a 500 kc. crystal 
contrblled oscillator. I having high stability is 
fed to a mixer system 2. Also fed to this saine 
mixer 2 is a frequency modulated oscillator  
oPerating at 00 kc. This FM oscillator 3 may 
be of any standard form. The output here Js rep- 
resented at th. mean frequency 00 plus A/ 
referring to the frequency shift and-plus A/' 
which refers fo any disturbing influences which 
tend t0 shift the frequency of .the oscillator  
undesirably. The sum of the outputs of.the 00 
kc. oscillator  and the 500 kc. oscillator | is 
selected in a fllter 4 which is tuned sharply te 
1200 kc. The output, frequency is indicated as 
enclosed by the brackets aïoove the block repre- 
senting the 1200 kc. fllter 4. This wave is fed 
fo a second mixer 5 where it is mixed with the 
output of anidentical 00 kc. FlVI oscillator 6. 
This FIV[ oscillator 6, however, varies ifs fre- 
quency in an opposite sense as compared with 
the first FM oscillator 3, that is if the flrst 
oscillator 3 increases its frequency with an ap- 
plied voltage, the second oscillator 6 decreas.es 
its frequency with this saine applied voltage. 
That ïs to say whfle oscillator  varies in a posi- 
tive Sense, oscillator  varies in a negative sense 
and vice versa. The output of the mixer  is fed 
to  second filter  tuned sharply te 500 kc. which 
selects the difference between the 00 kc. FIV[ 
oscillator 6 and the 1200 kc. frequéncy modu- 
tated wave from the flrst mixer 2 This differ- 
ence frequency isas indicated in the brackets 
above the block representing this 500 kc. filter . 
As may be seen, the Af' terms are cancelled 
out in the secondmixer , resulting in an output 
whicti s 500 kc. plus.2A/, or in other words, twice 
the frequnCy deVigtion ispossible using the sys- 
rem of my invention, as compared to the fre- 
quencY deviation of either FlVI oScillator$ or 6 
used alone. The outDut of the second fllter  is 
fed through a suitable multiplying system 8 to 
arrive at the desired output frequency supplied 
te the transmission Channel represented at 9. 
Thë elimination of the Af terres indicates that 
voltage and temperature instabilities in the out- 
put frequency Willbe cancelled out, as will any 
other disturbing nfluences which ffeït each FiVI 
osillator .arid 6 equally. 
Since 'the tirer Òperates at a relatively low 
frequency at which the frequency Swing is very 
smalll a narrow hand filter operates satisfactorily 
at . The system Of multipliers 8 is employed 
after-the frequency modulation is generated bY 
the two oscillators: $ and  and mixer., systems 
andl §, TheoscillatorS  and l.havè, aïsub 



602,159 

stantially identical mean frequency. Frequency 
correction is achieved by means of the addition 
and subtraction in the two mixer circuits 2 and 
While I have described my invention in its 
preferred embodiment, I realize that modifica- 
tions may be ruade in the arrangement of the 
circuit components, and I desire that if be under- 
stood that no limitations upon my invention are 
intended other than may be imposed by the 
scope of the appended claires. 
What I claim as new and desire to secure by 
Letters Patent of the United States is as ollows: 
1. A frequency modulation generator-com- 
prising in combination an oscillator of prede- 
termined frequency, a mixer circuit connected 
with said oscillator, a first frequency modulated 
oscillator having a mean frequency subject to a 
îrequency shift of / and further subject fo dis- 
turbing influences of ]' also connected with said 
mixer circuit, a filter tuned over a narrow hand 
for the selection of a frequency within the fre- 
quency range of the sure of thefrequencies of 
said oscillator and said frequency modulated os- 
cillator, a further mixer circuit connected with 
the output of said filter, a second frequency mod- 
ulated oscil]ator connected with said last men- 
tioned mixer circuit and having a frequency sub- 
tantially identical to the frequency of said first 
mentioned frequency modulated oscillator but 
proportionally varying in frequency in the op- 
posite sense to that of said first mentioned fre- 
qùency modulated oscillator, a filter circuit con- 
nected with he output of said last mentioned 
mixer circuit and tuned to a frequency for 
lecting the difference between the frequency of 
the frequency modulated oscillators and the fre- 
quency selected by said first mentioned filter, and 
a connection between said last mentioned filter 
and a frequency multiplication system. " 
. In a frequency modulation generator em- 
ploying a fixed frequency oscillator and a pair of 
independent frequency modulated oscillators of 
substantially identical mean frequencies mu- 
tual]y coupled through mixer and filter circuits, 
the method of effecting frequency modulation 
which comprises generating frequency modulated 
energy, generating constant frequency oscilla- 
tions, combining the frequency modulated energy 
with the constant frequency oscillations, selec- 
tiveiy and sharply filtering the combined outputs 
of the frequency modulated energy and the con- 
stant frequency oscillations ata frequency with- 
in the frequency range of the sum of the fre- 
quencies, generating frequency modulated oscil- 
lations proportionally varying in the opposite 
sense to the frequency of the aforesaid fre- 
quency modulated energy mixing the last men- 
tioned frequency modulated oscillations with the 
aforesaid filtered energy and selecting the com- 
bined frequencies from the last mentioned mix- 
ing process. 
3. A frequency modulation generator compris- 
ing a pair of coacting frequency modulated os- 
cillators of a substantially identical mean fre- 
quency each arranged fo proportionally vary in 
frequency in opposite senses about the saine mean 
frequency, an. oscillator of fixed frequency char- 
acteristic, a first mixer circuit for combining the 
output of one of said frequency modulated os- 
cillators with the output of said fixed .frequency 
oscillator, a sharply tuned filter for selecting a 
frequency within the range of the sum of the said 
combined output frequencies, a second mixer cir- 
cuit, a cormection between said filter and said 
second rn]er circuit, a connection, between sad 
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4 
second mixer circuit and the other of said fre- 
quency modulated oscillators, a second filter for 
selecting the difference frequency between the 
frequency impressed upon said second mixer cir- 
5 cuit and the other of said frequency modulated 
oscillators, said mixer circuits effecting frequency 
correction by means of addition and subtraction, 
and means for multiplying the resultant re- 
quency. 
lo 4. A frequency modulation generator com- 
prising a pair of coacting frequency modulated 
oscillators of substantially identical mean fre 
quency, one of said oscillators operating to in- 
crease in frequency while the other of said os- 
15 cillators operates to proportionally decrease in 
frequency with respect fo the same mean fre- 
quency, a cons£ant frequency control oscillator 
associated with each of said frequency modu- 
lated oscillators, a pair of mixer circuits for com- 
20 bining the ouputs of said constant requency 
control oscillator and each of said frequency 
moduiated oscillators, a sharply tuned filter in- 
terposed between said mixer circuits and a iep- 
arate filter connected with the output of the last 
25 of said mixer circuits. 
5. A frequency modulation generator compris- 
ing a pair of coacting frequency modulated oscil- 
lators of substantially identical mean frequency, 
one of said oscillators varying in a positive lirec- 
30 tion while the other of said oscillators is vary- 
ing proportionally in a negative direction about 
the saine mean frequency, a constant frequency 
control oscillator associated with each of said 
frequency modulated oscillators, means or c0m- 
35 bining the outputs of said frequency modulated 
ocillators and said constant frequency control 
oscillator, and means for cancelling disturbing in- 
fluences incident upon said oscfllators while inte- 
grating by addition and subtraction the frequency 
40 shift of each of said frequency modulated oscfl- 
lators. 
6. In a frequency modulation system including 
a constant frequency oscillator and a pair of fre- 
quency moduiated oscillators subject to disturb- 
45 ing influences thereon, the method of combining 
the outputs of the frequency modulated oscilla- 
tors with the constant frequency oscillator which 
comprises simultaneously varying the frequency 
modulated oscillators equally in opposite senses 
50 about a mean frequency, mutually cancelling the 
effects of disturbing influences upon each of said 
oscillators, integrating the frequency shift of each 
of said frequency modulated oscillators and mul- 
tiplying the resuitant frequency of the integrated 
55 frequency shift of each of said frequency modu- 
lated oscfllators. 
 7. A frequency modulation generator compris- 
mg in combination an oscfllator of predetermined 
frequency, a mixer circuit connected with said 
60 oscfllator, a frequency modulated ocillator hav- 
ing a mean frequency subject to a frequency shift 
of Aç and further subject to distributing in- 
fluences of Aæ' also connected with said mixer cir- 
cuit, a narrow hand filter sharply tuned for the 
65 selection of a frequency within the frequency 
range of the sum o the frequencies of said oscil- 
lator and said frequency modulated oscillator, a 
further mixer circuit Connected with the output 
of said filter, a second frequency modulated oscil- 
lator connected with said last mentioned mixer 
circuit and having the saine mean frequency as 
the aforesaid frequency modulated oscfllator but 
subject to a frequency shift of Aç proportionally 
in an opposite direction fo the frequency shift 
of said first mentioned frequency modulated oscfl- 
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lator and subject fo the saine disturbing in- 
fluences AI', a fllter tuned to the difference fie- 
quency between the frequency delivered by said 
flrst mentioned mixer circuit and said second 
mentioned frequency moduiated oscillator, means 
for effecting cancellation of said disturbing in- 
fluences A]' and simultaneously delivering fre- 
quency modulated energy af a frequency shift 
substantially equal to 2A/ af the output of said 
last mentioned filter, and means for multiplying 
the resultant frequency af the output of said last 
mentioned fllter. 
8. The method of signalling which comprises, 
generating a toaster, frequency F, generating a 
pair of local auxiliary frequencies each of fre- 
quency ], frequency-modulating both said local 
frequencies by the saine signal but in opposite 
respects fo produce respective side bands (]_+AI) 
and (fAf), mixing the (f__+Af) frequency from 

one local oscillator with said toaster frequency 
F, and selecth]g one side band alone, mixing the 
said selected side band with the frequency 
(/FA/) from the other local oscfllator, and select- 
5 ing therefrom a side hand comportent (F±2A/). 
WALTF- H. WIRKLEI. 
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